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INTRODUCTION
Polycystic ovary syndrome (PCOS) is a heterogenous female endocrinopathy which is characterized by chronic anovulation and clinical or biochemical hyperandrogenemia as well as insulin resistance and a clustering of cardiovascular risk factors. 1 Even in the absence of detectable metabolic abnormalities, lean PCOS women have increased circulating levels of advanced glycated end products (AGEs), which are known proinflammatory and proatherogenic molecules. 2 AGEs are irreversible products of nonenzymatic glucose-protein reactions. These molecules exert a potent impact on vessels and other tissues not only in hyperglycemic states but also in euglycemic conditions with increased oxidative stress. 3 Accumulation of AGEs has been demonstrated in several tissues, including the vasculature and the ovary. 3, 4 Thus, AGEs may play an important role in the pathogenesis of PCOS by contributing not only to metabolic but also to reproductive aspects.
Progress in understanding the syndrome's pathophysiology during the last two decades has led to reconsideration of its therapeutic management, which currently includes oral contraceptives (OCPs) and metformin. Although OCPs remain the mainstay of the pharmacological therapy of PCOS, even low dose pills may be metabolically less safe and are linked to an increased risk of myocardial infarction and stroke. 5, 6 These data have raised major concerns over the long-term safety of this treatment.
Metformin, the most widely prescribed insulin sensitizer, appears to improve metabolic aspects and cardiovascular risk factors in women with PCOS. In particular, metformin treatment for 6 months was shown to alleviate the proinflammatory status and reduce serum AGEs levels in women with PCOS. 7, 8 However, no previous study has compared different types of OCPs and metformin regarding their effects on serum AGEs in women with PCOS. The aim of the present study was to examine how two different types of OCPs and metformin affect serum AGEs and CRP in lean women with PCOS during 6 months of treatment.
PATIENTS AND METHODS
Study population
A total of 120 premenopausal Greek Caucasian women were recruited at the Outpatient Departments of Endocrinology of the two participant University Hospitals in Thessaloniki and in Athens, between 2008 and 2010, respectively.
All women visited the outpatient Departments because of hirsutism, menstrual abnormalities or subfertility. Their data were maintained prospectively in a computerized database. The ethics boards approved the study protocol and informed consents were obtained from all participants.
The diagnosis of PCOS was based on the presence of irregular menstrual cycles (eight or fewer menses per year) as well as elevated serum levels of testosterone and/or clinical symptoms of hyperandrogenism, according to the National Institute of Child Health and Human Development conference. 9 Non-classical congenital adrenal hyperplasia, androgen-secreting neoplasms, hyperprolactinemia and thyroid disease were excluded by appropriate tests in all women. All the participants were lean (BMI <25 kg/m 2 ), in good health and nonsmokers or had quit smoking for more than a year at baseline. Patients were excluded from participation if they were pregnant or planning to become pregnant, were breastfeeding, had a history of current or recent (within 6 months) use of oral contraceptives, antidiabetics, or antiandrogens, or had any contraindications to metformin therapy including renal or hepatic impairment.
Study protocol
E.D.-K. and D.P. enrolled the patients. Two doctors in each centre performed the baseline physical examination. Weight and height were measured in light clothing without shoes. Body mass index (BMI) was calculated as weight (kilograms)/height (meters). Waist-to-hip ratio (W/H ratio) was calculated as a marker of body fat distribution at baseline, according to the standard formula: WHR = waist circumference (cm)/hip circumference (cm). Waist circumference was estimated as the smallest circumference at the level of the umbilicus. Hip circumference was estimated as the widest circumference at the level of the buttocks.
Baseline laboratory evaluation was conducted between the 2 nd -7 th day of the follicular phase of menstrual cycle confirmed by serum progesterone levels below 5 nmol/l or at any time in PCOS women with amenorrhea. Laboratory evaluation included metabolic and hormonal parameters, serum CRP and serum AGEs levels.
Blood samples were collected at 08:00 h after an overnight fast to determine serum levels of AGEs (U/ml), total testosterone (Testo, nmol/l), SHBG (nmol/l), fasting insulin (pmol/l) and glucose (mmol/l), 4-androstenedione (nmol/l) and dehydroepiandrosterone sulfate (DHEAS) (nmol/l). The free androgen index was calculated as follows: FAI= Testo (nmol/l) to SHBG (nmol/l) ratio x 100%. Insulin resistance was assessed via calculation of the homeostasis model assessment insulin resistance index (HOMA-IR=fasting glucose in mmol/l x insulin in microunits per milliliter/22.5). Congenital adrenal hyperplasia was ruled out by evaluation of 17-hydroxyprogesterone and, when appropriate, ACTH stimulation test. If clinically suspected, screening for Cushing's syndrome was performed by the overnight dexamethasone suppression test (i.e. the measurement of a cortisol level the morning after the administration of 1mg dexamethasone orally at bedtime). An oral glucose tolerance test (OGTT) with 75-g GLU load was performed at baseline to exclude diabetes (times 0, 30, 60, 90, and 120 minutes) (data not provided). None of the patients was diabetic.
After completing baseline evaluation, patients were randomized in a 1:1:1 ratio to receive one of the following treatments for 6 months:
Group OCP1 (n=40) received the CPA pill containing 35 μg ethinylestradiol and 2 mg cyproterone acetate (Gynofen-35, Bayer), Group OCP2 (n=40) received the DRSP pill containing 30 μg ethinyl estradiol and 3 mg drospirenone (Yasmin, Bayer), Group MET (n=40) received metformin (Glucophage; Group Lipha, Lyon, France).
Randomization was performed by random number tables. The patient number treatment codes were held by a third party.
Treatment was started on the first day of a spontaneous menstrual cycle. In amenorrhoeic women treatment was initiated on a random day after excluding pregnancy by proper testing. OCP1 and OCP2 were administered in the recommended regimen (1 pill daily for 21 days per month, followed by a 7-day pill-free period). Metformin was given initially as 425 mg twice daily after meals for one week to minimize gastrointestinal upset. The dose was then increased to 850 mg twice daily. Patients were instructed to continue their routine dietary and physical activity habits. Patients in group MET were instructed to use barrier methods of contraception.
Participants were re-evaluated at 3 months and 6 months of treatment. At each follow-up visit, physical examination and laboratory measurements (hormonal parameters, Glucose, Insulin, HOMA-IR, AGEs and CRP) were repeated. The percent changes of each parameter at 6 months of treatment (DBMI, DHOMA, DTESTO, DSHBG, DAGEs, DCRP, DFAI) were calculated as the ratio of the absolute change of the parameter from baseline to the baseline value. Additionally, the amount of medicine taken in the antecedent 3-month period was recorded by the investigators to assess adherence to treatment.
Assays
Blood samples were collected from all participants at baseline, 3 months and 6 months of treatment, and centrifuged and sera and plasma were stored at 80 C prior to analysis. Just prior to assay by competitive AGE-ELISA, sera were thawed and diluted 1:5 with dilution buffer [phosphate-buffered saline (PBS), 0.02% Tween-20 and 1 mM sodium azide (NaN3)]. AGE measurements were performed using the Chemwell analyser (Awareness, Florida, USA).
Plasma glucose concentrations were measured by the glucose oxidase technique using an auto analyzer (Roche/Hitachi 902; Roche Diagnostics GmBH, Manheim, Germany). LH, FSH, total testosterone, DHEAS and 4A levels were measured by RIA, while SHBG levels were measured by the IRMA, using commercial kits (FSH: Radioisotopic Kit, Nichols Institute Diagnostics, San Juan Capistrano, California, 92675, USA; LH: Radioisotopic Kit, Nichols Institute Diagnostics, San Juan Capistrano, California, 92675, USA; Testo: Radioisotopic Kit, Diagnostic Systems Laboratories, Webster, Texas, USA; 4A: Radioiso-(with Mann-Whitney comparisons between the two groups adjusting with Bonferroni multiple comparisons procedure) for non-normal variables. Stepwise multivariate regression analysis was performed in order to define independent predictors of DAGEs. Independent variables included age, treatment regimen (OCPs=1, metformin=2) and all the variables which were found to be correlated in bivariate analyses with the DAGEs. For the results of linear regression analysis the values of beta (95% C.I.) were reported. Normality of residuals was assessed to ensure the feasibility of the regression analysis. Tolerance and variance inflation factor were used for the assessment of potential multicollinearity among the variables retained in the final regression models. A probability value p<0.05 was considered statistically significant.
RESULTS
Baseline characteristics of the patient population
Baseline anthropometric, metabolic and hormonal parameters of patients are included in Table 1 2 in group MET; P >0.05) at baseline. Additionally, the three groups did not differ in serum levels of hormonal parameters, AGEs and CRP at baseline, but the MET group had higher baseline HOMA-IR than the OCP1 group (Table 1) .
Two patients in group OCP1 [2 out of 40 (5%)] and four patients in group OCP2 [4 out of 40 (10%)] were lost to follow-up. Five patients in group MET [5 out of 40 (12.5%)] dropped out due to gastrointestinal side effects attributed to metformin. Analyses were performed for the 109 women who completed the study (38 in OCP 1 group; 36 in OCP2 group; 35 in MET group). In these women no significant adverse event was reported.
Anthropometric and laboratory parameters during the treatment period
Anthropometric, metabolic and hormonal parameters at 3 and 6 months of treatment are shown in Table 1 . BMI was significantly increased in group topic Kit, Diagnostic Systems Laboratories, Webster, Texas, USA; DHEAS: Radioisotopic Kit, Diagnostic Systems Laboratories, Webster, Texas, USA; SHBG: Immunoradiometric Assay (IRMA) Kit, Diagnostic Systems Laboratories, Webster, Texas, USA). Serum insulin levels were measured by an enzyme immunoassay (ELISA Kit, Mercodia AB, Uppsala, Sweden). Serum high sensitivity CRP (hsCRP) (mg/l) levels were determined by ELISA (high-sensitivity CRP enzyme immunoassay test kit, LI7500; Linear Chemicals).
The intra-assay coefficients of variation (CV) were 1.5% for FSH, 0.7% for LH, 1.3% for TT, 5.9 for 4A, 9.4% for DHEAS, 5.8% for SHBG and 3.8% for insulin. The average inter-assay CV were 3.2% for FSH, 1.7% for LH, 2.2% for Testo, 9.2% for 4A, 12.1% for DHEAS, 7.8% for SHBG, 4.4% for insulin.
Competitive AGE enzyme-linked immunosorbent assay (ELISA)
The competitive AGE-ELISA procedure was performed as described previously in a PCOS population by Diamanti-Kandarakis et al.
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Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences software (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp). Results are presented as means±SE for normal variables and as medians (interquartile range) for variables with not normal distribution. The Kolmogorov-Smirnov statistic was performed to test continuous variables for normality. Spearman (rho) or Pearson (r) correlations coefficients were determined for the assessment of the relationship between the examined variables. Repeated measures analysis was performed for comparisons of variables between baseline, 3 and 6 months. In the case of normally distributed variables, repeated measures ANOVA with Bonferroni post-hoc analysis were performed. In the case of non-normal variables, Friedman analysis was performed in addition to pairwise comparisons (Wilcoxon for each pair of groups) adjusting the p value for each using a Bonferroni multiple comparison procedure. For comparisons among the three treatment groups at baseline, 3 and 6 months we used ANOVA (with Bonferroni posthoc analysis) for normal variables or Kruskal-Wallis OCP1 (P<0.001) and group OCP2 (P<0.001) following 3 and 6 months of treatment compared to baseline, while it was decreased in group MET (P=0.001). However, BMIs did not differ significantly between the three groups at 3 months (P=0.548) and 6 months (P=0.867).
Changes in atherogenic markers during the treatment period
At 6 months of treatment serum AGEs were significantly decreased as compared to baseline values in group OCP1 (P=0.005) and group MET (P<0.001), while there was a marginal decrease in group OCP2 (P=0.069) (Figure 1 ).
The percent decrease of serum AGEs over the 6-month period of treatment (DAGEs) was significantly greater in group MET than in groups OCP1 and OCP2 (Group OCP1 vs. group MET: P=0.022; Group OCP2 vs. group MET: P=0.001) (Figure 2 ).
CRP was increased in groups OCP1 (P<0.001) and OCP2 (P<0.001), while it was decreased in group MET (P<0.001) (Figure 3 ). The increase of CRP during 6 months was significantly greater with the CPA pill than with the DRSP pill (P=0.003).
Correlations of serum AGEs and DAGEs with other variables
n the total population (three groups as a whole) the change of serum AGEs during the 6-month period (DAGEs) was negatively correlated with baseline BMI (r= -0.274, p=0.004), while DCRP was correlated negatively with DTESTO (r=-0.506) and positively with DSHBG (r=0.431), DBMI (rho=0.494) and DHOMA (rho=0.459). When subgroup analysis was performed, DAGEs were significantly correlated with age (r=0.27), baseline BMI (r= -0.35), baseline TESTO (r= -0.35), DBMI (rho=-0.25), DTESTO (r=0.27) and DFAI (rho=0.28) in women treated with OCPs (OCP1 group+OCP2 group). In the group treated with metformin, none of the above correlations was observed.
There was no correlation between HOMA-IR and AGEs or DAGEs either in the total group or in the subgroup analysis.
Multivariate regression analysis was performed to examine which parameters were independently associated with DAGEs (dependent variable). Treatment regimen, age, baseline BMI and the change of BMI during the 6-month period (DBMI) were introduced as independent variables. DAGEs was independently associated (R 
DISCUSSION
This study is the first to compare the effects of metformin and two different OCPs on serum AGEs in lean women with PCOS. Metformin as well as the OCP containing cyproterone acetate were effective in reducing serum AGEs, while the OCP containing drospirenone had a marginal lowering effect on this marker. Most importantly, metformin compared to OCPs was associated with a greater degree of AGEs reduction.
The treatment-induced changes in AGEs levels may have significant implications, since circulating AGEs are increased in women with PCOS 2 and these molecules are known to exert direct cardiovascular actions promoting the atherogenic process. 3 The OCP-induced decrease in serum AGEs levels was correlated with the percent reduction of androgen levels, which was significantly greater with either OCP than with metformin. The direct association of serum AGEs with serum testosterone levels has been previously reported by studies in women with PCOS, independently of BMI and insulin resistance.
2,10 Thus, the androgen lowering effect of OCPs may play a role in the reduction of serum AGEs.
However, treatment with OCPs had adverse effects on other metabolic aspects and cardiovascular risk factors. In the OCP-treated group, BMI, HOMA-IR and CRP were increased during the 6-month period of treatment. These findings are consistent with earlier studies in women with PCOS. [11] [12] [13] [14] In view of the mixed effects of OCPs on atherogenic markers, the benefit-to-risk ratio of this treatment should be carefully assessed focusing not only on patients' characteristics, but also specifically on the targeted atherogenic molecule. Even among lean women with PCOS, OCPs may not be the treatment of choice in some instances. In particular, metformin rather than OCPs may be the preferred option when treatment is aimed at improving atherogenic markers, including a greater reduction of serum AGEs and a decrease of CRP.
This study evaluates common therapeutic options in women with PCOS by reconsidering and prioritizing the goals of treatment. Since inflammation and the process of glycooxidation may play a central role in the pathophysiology of this complex syndrome, 2, 4, 15 both AGEs and CRP could be important targets in PCOS therapy. It can be suggested that pre-and posttreatment atherogenic markers may be included in the criteria of treatment choice and follow-up. This approach takes into account the recognized linkage of PCOS with increased cardiovascular risk. 16 In addition, inflammatory molecules and endogenous AGEs may also contribute to the pathophysiology of endocrine and reproductive aberrations in PCOS. 2, 4, 15, 17 The net impact of treatment on the cardiovascular profile of PCOS women may depend on the type of OCP. The OCPs used in the present study differ in the type of the progestin component as well as the dose of EE per tablet, with higher EE dose in the CPA pill compared to the DRSP pill. In particular, when comparing the two OCPs, the DRSP pill was associated with a lower degree of BMI and CRP increase as compared to the CPA pill.
The vascular bed appears to be a delicate target for estrogens, since estrogen may be either beneficial or harmful in a dose-dependent manner, which might be relevant for effects of OCPs in PCOS treatment. In experimental models the therapeutic range of estrogens appears to be narrow. Most strikingly, their beneficial effect on vascular tissue was shown to be diminished at larger doses, which yielded high, but still physiologically relevant, plasma estradiol levels. 19 In this context, OCPs with higher estrogen dose may increase tissue estrogen levels beyond the narrow beneficial range. In the present study, the higher amount of estrogen in the CPA pill compared to the DRSP pill may play a part in the greater increase of CRP with the former.
Furthermore experimental data suggest an interaction between CRP and the Receptor for AGEs (RAGE) via activation of estrogen receptor-alpha. 20, 21 More specifically, 17-beta estradiol was shown to enhance RAGE gene transcription, which stimulates inflammatory cascades leading to overproduction of inflammatory molecules like CRP. 22 The potential upregulation of RAGE by estrogens in PCOS, which is characterized by excess of AGEs, 15 may exacerbate the proinflammatory state, further potentiating adverse cardiovascular consequences. 23 However, the two OCPs used in the present study did not appear to induce a generalized exacerbation of the oxidative/inflammatory state, since serum AGEs were significantly or marginally decreased in the OCP groups. Thus, the increase of CRP may reflect firstpass hepatic effect of the estrogenic component on hepatic proteins rather than a heightened inflammatory state. 24 This concept may also be supported by the significant direct correlation of the percent increase of CRP with the percent increase of SHBG, which is also produced in the liver. Therefore, the higher content of EE of the CPA pill compared to the DRSP pill may account for the greater percent increase of CRP with the former drug due to exposure of the liver to a higher concentration of estrogen.
Additionally, the different progestin components of the two OCPs may partly account for different effects on metabolic and cardiovascular aspects. Dro spirenone, the progestin component of the DRSP pill, is devoid of androgenic or glucocorticoid activity and has higher antimineralocorticoid potency compared to CPA. 25 The potential benefits offered by this superior pharmacological profile of DRSP may translate into a less aggravating effect on body weight and inflammation, as shown in our study. From a therapeutic perspective, these data may prove to be helpful in selecting the more beneficial or the less harmful OCP for the treatment of PCOS patients.
Regardless of the mechanism by which OCPs increase CRP, this observation may have important clinical implications. Since prospective, observational studies indicated that CRP is an independent predictor of future cardiovascular events, even in healthy women on hormone replacement therapy, 26 the elevated CRP induced by OCPs may have clinical significance. CRP appears to be more than a marker predicting cardiovascular events. It has also been shown that CRP exerts a wide array of proatherogenic effects, including inhibition of the production of the vasodilator nitric oxide in human endothelial cells, promotion of monocyte chemotaxis and endothelial shedding of adhesion molecules. 27 It remains to be established whether the CRP elevation induced by treatment with OCPs directly promotes atherosclerosis in women with PCOS. Moreover, it should be explored how the elevation of CRP interacts with the decrease of AGEs, both induced by OCP treatment, and what the net impact of this interaction is on the atherogenic process.
However, metformin appears to be superior to OCPs in ameliorating the atherogenic profile with a global beneficial impact on cardiometabolic markers, including HOMA-IR, CRP and AGEs. The AGEs-lowering effect of metformin appears to be independent of its effects on androgens, insulin resistance and inflammation. In particular, although the patients treated with metformin had higher baseline HOMA-IR, the percent decrease of AGEs was not correlated with baseline HOMA-IR either in the total population or in subgroups. Moreover, the betweengroup difference of HOMA-IR cannot account for any of our results, since the higher HOMA-IR in the group of metformin would be associated with a worse proinflammatory state. However, treatment with metformin resulted in lower CRP levels and a greater percent decrease of AGEs compared with the other groups. Thus, metformin may act on CRP production and AGEs synthesis or clearance through direct mechanisms in PCOS women. Earlier data suggest that metformin reacts with AGEs extracellularly leading to the formation of inactive condensation products. In addition, metformin appears to have moderate breaking properties on established AGE-protein crosslinks. [28] [29] [30] Thus, metformin may be a multistage inhibitor of glycation and an AGE-protein crosslink breaker, independently of its effects on glucose metabolism, insulin signalling and inflammation.
Our study has limitations. The small sample size may lack the power to detect potential additional effects of treatment on outcome measures and may obscure any modest correlations between the studied parameters. In addition, changes in cardiovascular risk markers cannot accurately predict any impact on clinical outcomes. Furthermore, longer duration of treatment may be required for its optimal efficacy. More specifically, a recent study showed that treatment for 12 months may be required for CPA to achieve its maximal antiandrogenic effects in women with PCOS. 31 However, the effects of three different types of OCPs (containing CPA, desogestrel and DRSP) on metabolic aspects (BMI and insulin resistance indices) did not differ between 6 and 12 months of treatment. 31 Future studies should clarify the effects of greater duration of OCP treatment on atherogenic markers in women with PCOS.
Understanding the pathophysiology of PCOS has rearranged the priorities in its therapeutic approach, placing weight on the amelioration of cardiovascular risk associated with the syndrome. Overall, the present study adds to the evidence that OCPs and metformin may have differential effects on specific cardiovascular risk factors associated with PCOS. In lean women with PCOS, metformin appears to be superior to OCPs in metabolic and cardiovascular aspects. However, both these treatments may have strengths and drawbacks in treating different aspects of this multifaceted syndrome. Thus, clinicians should remain alert to detect adverse effects, when prescribing any medication for PCOS women, as they do for other heterogeneous disorders, like type 2 diabetes.
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